BACKGROUND: Veterans with evidence of homelessness have high rates of mental health and substance abuse disorders, but chronic medical conditions such as diabetes are also prevalent. OBJECTIVE: We aimed to determine the impact of homelessness on glycemic control in patients with type 2 diabetes mellitus. DESIGN: Longitudinal analysis of a retrospective cohort. SUBJECTS: A national cohort of 1,263,906 Veterans with type 2 diabetes. Subjects with evidence of homelessness were identified using a combination of diagnostic and administrative codes. MAIN MEASURES: Odds for poor glycemic control using hemoglobin A1C (HbA1C) cutoff values of 8 % and 9 %. Homeless defined as a score based on the number of indicator variables for homelessness within a veterans chart. KEY RESULTS: Veterans with evidence of homelessness had a significantly greater annual mean HbA1C ≥ 8 (32.6 % vs. 20.43 %) and HbA1C ≥ 9 (21.4 % vs. 9.9 %), tended to be younger (58 vs. 67 years), were more likely to be non-Hispanic black (39.1 %), divorced (43 %) or never married (34 %), to be urban dwelling (88.8 %), and to have comorbid substance abuse (46.7 %), depression (42.3 %), psychoses (39.7 %), liver disease (18.8 %), and fluid/ electrolyte disorders (20.4 %), relative to non-homeless veterans (all p < 0.0001). Homelessness was modeled as an ordinal variable that scored the number of times a homelessness indicator was found in the Veterans medical record. We observed a significant interaction between homelessness and race/ethnicity on the odds of poor glycemic control. Homelessness, across all racial-ethnic groups, was associated with increased odds of uncontrolled diabetes at a cut-point of 8 % and 9 % for hemoglobin A1C ; however, the magnitude of the association was greater in non-Hispanic whites [8 %, OR 1.55 (1.47;1.63 CONCLUSIONS: Homelessness is a significant risk factor for uncontrolled diabetes in Veterans, especially among non-Hispanic white and Hispanic patients. While efforts to engage homeless patients in primary care services have had some success in recent years, these data suggest that broader efforts targeting management of diabetes and other chronic medical conditions remain warranted.
INTRODUCTION
Healthcare providers and public policy officials have acknowledged that homelessness is a high-priority public health issue. 1 On a given night in 2013, approximately 610,042 people were homeless in the United States, including approximately 57,849 Veterans. Thirty-three of every 10,000 Veterans experienced homelessness at least one night, and 60 of every 10,000 Veterans experienced homelessness in one year. 2 Homeless individuals face many challenges in access to healthcare and managing chronic health conditions, and their age-adjusted mortality has been reported as nearly three times higher than non-homeless. 3 Homelessness is associated with high rates of mental health disorders and substance abuse, but chronic health conditions are also prevalent in this population. 4 In one report, 61 % of homeless subjects reported having psychiatric problems and 79 % reported alcohol or drug abuse or dependence. In addition, 66 % of homeless subjects enrolling for medical care reported having at least one chronic medical condition. 5 In another report, an estimated 38 % of homeless patients had more than one chronic medical condition compared to only 27 % of their peers, and over half of homeless healthcare seekers have described unmet medical needs. 6, 7 Homeless individuals also face a confluence of particular barriers, including competing sustenance needs, environmental stress (weather, violence, infections, trauma), and few social supports. 8, 9 The literature has highlighted the cumulative and continued impact of these risk factors even when homeless individuals achieve housing. 7, 10, 11 Diabetes mellitus is one example of a chronic medical condition where unmet healthcare needs may impact health outcomes. Type 2 diabetes affects nearly 26 million people in the United States, or 8.3 % of the U.S. population. 12 Diabetes is the seventh leading cause of death and a leading cause for heart disease, stroke, kidney failure, non-traumatic lower-limb amputations, and new cases of blindness. 12 Estimates for the prevalence of diabetes among homeless individuals vary somewhat but generally mirror rates in the general population, [13] [14] [15] [16] but it is clear that individuals with diabetes are more likely than non-diabetics to have mental health disorders. [17] [18] [19] [20] Wohowiak and colleagues describe over 159,000 visits to Healthcare for the Homeless clinics per year related to diabetes (19 % of all visits). 21 Unfortunately, very little is currently known regarding the impact of homelessness on glycemic control in diabetes. To address this knowledge gap, we performed a longitudinal cohort study of diabetic Veterans who were identified as having either a current or past history of homelessness from the time services were delivered, hereafter referred to as having 'evidence of homelessness,' based on administrative records during the study period. We hypothesized that an evidence of homelessness among the Veteran sample would be associated with higher rates of poor diabetes control compared to Veterans without any evidence of homelessness, as measured by hemoglobin A1c values over time.
METHODS

Study Population
A national cohort of Veterans with type 2 diabetes was created by linking multiple patient and administrative files from the Veterans Health Administration (VHA) National Patient Care and Pharmacy Benefits Management databases. Veterans were included in the cohort if they had type 2 diabetes defined by two or more International Classification of Diseases, Ninth Revision (ICD-9) codes for diabetes (250, 357.2, 362.0, and 366.41) in the previous 24 months (2000 and 2001) and during 2002 from inpatient stays and/or outpatient visits on separate days (excluding codes from lab tests and other non-clinician visits) using a previously validated algorithm. The National Patient Care Database (NPCD) was the source data for the VHA Medical SAS data sets, which were used to analyze Veteran clinical data such as diagnosis and procedure codes for outpatient visits and inpatient admissions.
Veterans were followed from time of entry into the study until death, loss to follow-up, or through December 2010. A total of 1,263,906 qualified for the study cohort. These include 45.8 % non-Hispanic white (NHW), 11 % non-Hispanic black (NHB) and 2.5 % Hispanic with type 2 diabetes. There were also 40.7 % of Veterans with either missing or unknown race/ethnicity information. The study was approved by the Medical University of South Carolina Institutional Review Board (IRB) and the local VA Research and Development committee.
Outcome
The outcome variable was odds of poor diabetes control as measured by annual mean hemoglobin A1C values (mean A1C > 8 %) and (A1C > 9 %) over the study period for each Veteran.
Primary Covariates
The primary covariate was evidence of homelessness occurring between 2000 to 2010 based on a series of previously defined ICD-9 codes and VA clinic stop codes. 22 These included ICD-9 V60.0 and V60. 24 (see Online Appendix Table 1 for the number of Veterans who were served by stop code and specific stop code specifiers). Homelessness was further characterized in three different ways for purposes of sensitivity analysis: (1) based on a dose-dependent score that tallied the number of homelessness indicators found in a Veterans chart, (2) as a duration dependent variable reflecting the number of years in which subjects had a homelessness indicator reflected in their medical record, and (3) homelessness indicator by year, which is a binary variable that indicates the presence of administrative and/or clinical codes for homelessness occurring within each VAMC fiscal year (October 1 to September 30) period. The indicator is defined for the fiscal year in which homelessness information is available and makes no assumptions about homelessness occurring prior to, or following, a given fiscal year. The additional models characterizing homelessness based definitions (2) and (3) are reported as sensitivity analysis in the online appendix. The second primary covariate of interest was race/ethnicity, with NHW serving as the reference group. Race/ethnicity was retrieved from the 2002 outpatient and inpatient Medical SAS data sets. When missing or unknown, the variable was supplemented using the inpatient race1-race6 fields from the 2003 Medical SAS data sets, the outpatient race1-race7 fields from the 2004 Medical SAS data sets, and the VA Vital Status Centers for Medicare and Medicaid Services (CMS) field for race.
Other potential confounders were location of residence (urban, rural or very rural), age, gender, service connected disability, marital status and comorbidities. Age was categorized into four groups (< 50 years, 50-64, 64-74, 75 and above). Location of residence was classified as urban or rural, with highly rural being categorized as rural for homeless status reporting and collapsed to urban/rural for the logit models. Marital status was classified into four categories and collapsed to married or non-married. Service connected disability was defined as dichotomous (< 50 % versus 50 % or more) serving as proxy variable to measure copay status, as has been done in multiple prior studies. [25] [26] [27] We also included comorbidity variables, such as congestive heart failure, anemia, cancer, cerebrovascular disease, cardiovascular disease, hypertension, hypothyroidism, liver disease, lung disease, fluid and electrolyte disorders, obesity, peripheral vascular disease, substance abuse, depression, psychoses, and others (AIDS, rheumatoid arthritis, renal failure, peptic ulcer disease and bleeding, weight loss), and these were defined based on ICD-9 codes at entry into the cohort based on previously validated algorithms. 28 Comorbidities were defined as binary indicators for each comorbidity and collapsed into 0, 1, 2 or 3 or more. We also created a mental health indicator variable based on the presence of any of the three mental health comorbidities (depression, substance use and psychoses).
Statistical Analysis
Univariate analyses of categorical data were performed via ttest and chi-squared tests. Further exploration of the trend in proportion of patients who were not in control of their diabetes was made by plotting proportion of mean A1c > 8 % or mean A1c > 9 % for each year by race/ethnicity. In order to explore the parameters of generalized linear models, we established a panel data set with each observation representing a unique patient-time record with time in year ranging from entry to exit from the cohort. We then fitted a logistic regression model via generalized estimating equations (GEE) accounting for the longitudinal nature of the data, using Stata's xtgee command. 29 Several correlation structures were considered to capture the with-in subject correlation of outcomes, and an auto-regressive [AR 1 ] structure was the best fit for the model with homelessness score and duration. We used GEE with independent correlation structure and a robust standard error to fit the model for the time varying homelessness indicator, since we also included a one-time lag of the indicator to see if current homelessness was associated with current A1C control after adjusting for previous homelessness. Moreover, clinically relevant variables pertaining to the study hypothesis were added and interactions were explored systematically. It was decided a priori that we would examine the differential association between homelessness and diabetes control by race/ethnicity, and hence the interaction between race/ethnicity and homelessness was assessed at 5 % type I error rate. Since there was significant interaction, odds ratio estimates and their corresponding 95 % confidence intervals were reported for each variable stratified by race/ethnicity. The odds ratio estimates were also depicted using forest-plot. Model diagnostics was done via residual analysis. All analysis was done in Stata 13. 30 
RESULTS
Subject characteristics by homeless status are reported in Table 1 . Veterans with evidence of homelessness comprised 0.7 % (8,709) of the total diabetes cohort. In the total diabetes cohort, 20.5 % of Veterans had an annual mean HbA1C ≥ 8 and 10 % ≥ 9. Veterans with evidence of homelessness had a significantly greater annual mean HbA1C ≥ 8 (32.6 % vs. 20.4 %) and HbA1C ≥ 9 (21.4 % vs. 9.9 %) relative to nonhomeless Veterans. The homeless cohort was significantly younger with a mean age of 58 years relative to 67 for the From the logit models for HbA1C > 8 and HbA1C > 9 stratified by race, the adjusted odds ratios and 95 % CIs for the homeless dose-dependent score and covariates are shown in Table 2 . Homelessness was modeled as an ordinal variable that scored the number of times a homelessness indicator was found in the veteran's medical record. We observed a significant interaction between homelessness and race/ethnicity on the odds of poor glycemic control. Homelessness, across all racial-ethnic groups, was associated with increased odds of uncontrolled diabetes at a cut-point of 8 % and a cut-point of 9 % for hemoglobin A1C; however, the magnitude of the association was greater in nonHispanic whites [ . Results remained significant and followed a similar pattern when a HbA1c cut-point of > 9.0 % was utilized. Figure 1 shows a forest plot of these odds ratios and 95 % CI of the association of HbA1c with race/ethnicity. We also modeled homelessness as a duration-dependent variable reflecting the number of years in which subjects had a homelessness indicator reflected in their medical record and as time varying covariate with one time lag. Online Supplementary  Figures 2a and 2b show the trend of the proportion of people with poor A1c control over time for the overall and stratified by race respectively. Overall, those with indications of homelessness had a higher likelihood of poor glycemic control. However, the trend for both the homeless and not homeless seems to decrease slightly over time. The analysis results for the additional homelessness variables are reported in Online Supplementary Tables 2a, 2b and 2c. While the results in Table 2a are consistent with the primary results reported in Table 2 , the results in Table 2b (A1c > 8) and 2c (A1c > 9) are slightly different. In the unadjusted analysis, both previous homelessness and current homelessness were associated with current A1c control. However, when we adjusted for covariates, the association between current A1c and previous homelessness became statistically nonsignificant. Thus, we excluded previous homelessness from our final model and this resulted in nonsignificant associations for NHB and Hispanic groups. This could be due to the limitations of the time varying homelessness indicator measurement.
We present the dose dependent results as our primary analysis, because these models explained a higher proportion of the variability observed in hemoglobin A1c than did the duration-dependent homelessness models. NHW = Non-Hispanic White; NHB = Non-Hispanic Black p < 0.001 for all tests unless otherwise noted. * = p < 0.05; ** = p < 0.01; Not statistically significant = NS; Study year (quadratic) was not statistically significant; p > 0.05 Race by homelessness interaction was statistically significant, p < 0.01
DISCUSSION
In this study, we report longitudinal diabetes control outcomes for patients with evidence of homelessness. We observed a significant interaction between homelessness and race/ethnicity such that evidence of homelessness was associated with more pronounced effects on hemoglobin A1C in non-Hispanic whites as compared to non-Hispanic blacks and Hispanic subjects. To our knowledge, this finding has not been reported in prior literature. Specifically, in stratified analyses, across all race-ethnic groups, each indicator of homelessness was associated with increased odds of uncontrolled and poorly controlled diabetes. The association was strongest in Hispanics with odds ratios of 2.11 and 2.08, respectively, for HbA1c cut-points of 8 % and 9 %; and weakest in nonHispanic blacks with respective odds ratios of 1.22 and 1.13. While relative associations for glycemic control with homelessness are weakest in non-Hispanic blacks, it is important to remember that these subjects had the highest overall levels of poor diabetes control at baseline and over time. These results confirm our hypothesis that homelessness is associated with poor diabetes control. Very few studies have examined the impact of homelessness per say on diabetes outcomes, although studies have reported on associations between glycemic control and constructs related to homelessness including material need insecurity and food insecurity. [31] [32] [33] Randall and colleagues found that homelessness was a significant risk factor for repeated hospitalization for diabetic ketoacidosis. 34 Twenty-three % of patients with recurrent DKA had a history of homelessness in this study conducted in an urban safety-net hospital. It is clear that homelessness presents multiple challenges, some of which include: limited and variable access to food; difficulty in acquiring and storing diabetes medications, especially insulin; high levels of physical and psychological stress; and difficulty in accessing primary and specialty care with continuity over time. 21 For these reasons, the Health Care for the Homeless Clinicians Network has developed guidelines to enable providers to address the unique challenges of caring for homeless diabetic patients. 35 This monograph references current standards for the care of diabetes while offering practical suggestions, such as avoiding sulfonylureas, which might cause hypoglycemia in patients with inconsistent food supplies.
Maslow's hierarchy of needs would suggest that addressing basic physiologic and safety needs might be an important approach to improving glycemic control among homeless diabetic patients. 36 A number of innovative programs have been developed to speed the process of finding stable housing, yet these efforts are often hampered by ongoing social, psychological, and substance abuse problems among enrollees. Nevertheless, Collins and colleagues describe the success of a Housing First program, which enrolled 111 chronically homeless individuals with severe alcohol use problems. 37 At 2-year follow-up, only 23 % of participants had returned to homelessness. The Department of Veterans Affairs has also had success with its housing first initiative tailored for Veterans, the Housing and Urban Development VA Supportive Housing program (HUD-VASH). 38 Prior literature suggests that once stable housing is established, enrollment in primary and specialty care appears to be important to optimize outcomes and reduce unnecessary healthcare utilization among homeless patients. Multiple prior studies have documented extensive use of emergency department and inpatient care by homeless individuals. [39] [40] [41] [42] For example, Tsai and colleagues found that homeless Veterans had four times the odds of using EDs than non-homeless Veterans. 40 However, Gabrielian and colleagues noted that while HUD-VASH enrolled Veterans had initial significant increases in primary care and specialty utilization upon enrollment, HUD-VASH Veterans and low-income housed Veterans had similar likelihoods of medical/surgical inpatient and outpatient utilization compared with non-homeless peers over time. 38 Enrollees also had significant decreases in incidence rates of ED care after adjusting for demographics and need in addition to primary care usage. O'Toole and colleagues (2010) also report reductions in risk for emergency department and inpatient usage among homeless Veterans with higher levels of primary care engagement. 4 This analysis should be interpreted in light of certain limitations. First, we analyzed a retrospective cohort of Veterans with type 2 diabetes mellitus using diagnostic and administrative codes to identify subjects at high likelihood for having had an episode of homelessness. These codes do not necessarily equate to prospectively validated episodes of homelessness, and were limited in that it was not possible to define temporally when the homelessness episodes occurred with confidence. Nevertheless, these diagnostic and administrative codes have been used in prior studies, and subjects identified as having evidence of homelessness in this study had characteristics (e.g., age, mental health disorders, and substance abuse) consistent with homeless populations in other cohorts. A related concern is that our primary measure of homelessness is not time varying (even though we did sensitivity analysis with time varying form that has been measured in a limited way), and our analysis focused on a 10-year period. Thus, we cannot make inferences about the variation in glycemic control corresponding to individual instances of homelessness. Hence, interpretation of results is limited in that it is not clear whether homelessness itself or longer-standing conditions that predispose to homelessness are associated with poor glycemic control over a 10-year period. Future studies should examine variations in glycemic control among this population while cross-referencing data describing patient homelessness status, length of time homeless, type of residence or shelter and number of times shelter was sought, among other homelessness indicators. Second, our cohort was overwhelmingly male, so our results may not be generalizable to non-Veteran female populations. Finally, though all subjects were enrolled in VA primary care, we were unable to measure the frequency of primary care visits in this study. It is possible that adjustment for the intensity of primary care might have attenuated our observed effect sizes.
In summary, our results suggest that homelessness is a significant risk factor for uncontrolled diabetes across all racial-ethnic groups. 43 The U.S Department of Veterans Affairs and other governmental organizations have made significant commitments toward ending homeless. 44 Fortunately, recent reports document that homelessness is diminishing nationwide. In the current study, our homeless cohort exhibited suboptimal diabetes control despite that a significant proportion of the cohort were receiving VA housing Services (i.e., HUD-VASH, HCHV). More studies are needed to evaluate the impact of innovative programs and novel approaches that may positively impact chronic medical issues that homeless Veterans continue to face once they achieve residential or permanent housing. Three areas of research that may supplement integrated medical home models are: self-management approaches delivered in the patient's residence, such as those utilizing care coordination home telehealth (CCHT) for chronic disease management 45 ; identifying risk and need profiles of homeless patients that may be utilized for matching needed medical services and specialized services for addressing disabling medical conditions 46 ; and studies that evaluate broader social determinants including location, or the neighborhood community, within which homeless Veterans are provided with supported housing, including neighborhood access to affordable and healthy foods and availability of safe recreational areas for physical activity. 10 Acknowledgements:
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